ABSTRACT The response of the maximum value of the left ventricular pressure-volume ratio to preload augmentation by blood or plasma expanders was studied in 1 1 patients during the first 24 hr after coronary artery bypass graft surgery. Increasing the mean left atrial pressure from 10 to 15 and 20 mm Hg resulted in no change in the maximum pressure-volume ratio in the group as a whole. In certain individual patients, however, the maximum pressure-volume ratio changed with volume infusion, and these changes were accompanied by simultaneous changes in afterload. The observed changes in pressure-volume ratio were in the same direction as the changes in afterload (systolic pressure), suggesting a dependence of maximum pressure-volume ratio on afterload. These results show that the maximum pressure-volume ratio is independent of preload in the first 24 hr after coronary artery bypass graft surgery with the pericardium open; thus the maximum pressure-volume ratio is a useful index of postoperative left ventricular function when afterload is unchanged. However, because this ratio (a single-point assessment of the pressure-volume relationship) may not be a good estimate of Emax, we recommend a more complete determination of the locus of the "upper left corners" of the pressurevolume loops for measurement of Emax to provide a more accurate indicator of the myocardial contractile state. Circulation 71, No. 5, 945-950, 1985. THE POINTS on pressure-volume diagrams of the left ventricle where the ratio of instantaneous ventricular transmural pressure to instantaneous ventricular volume is at a maximum (i.e., the upper left corners of the loops, which occur at a time near end-systole) lie on a straight line that is independent of loading conditions over a wide range. 1.2 The slope of this line, which has been called Emax,3 changes with inotropic interventions and has been shown to be a useful index of left ventricular contractility. Various assessments of Emax, based on measurement of pressure-volume, pressure-dimension, stress-dimension, and similar relationships, can be very useful indexes of ventricular performance. 41 The ratio of end-systolic pressure to end-systolic 
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Results
Successful loading series (in which two or more of the target mean left atrial pressures were achieved) were obtained in 11 patients. In five of these patients two series were obtained, the series being no more than 4 hr apart. Recording began an average of 10.4 hr after discontinuation of cardiopulmonary bypass.
Overall mean heart rate was 101 beats/min (SD 2 beats/min). Figure 3 demonstrates the beat-to-beat reproducibility of the position of the "upper left corners" of the pressure-volume diagrams, the point where the maximum pressure-volume ratio occurred. Reproducibility of the pressures at this point expressed as a coefficient of variation (cv = 100 SD/mean, where SD is the standard deviation obtained by pooling deviations of each of the measurements from its local 3 beat mean for all 42 sequences) was 1.0%. Reproducibility of the volume was 1.9%, and reproducibility of (P/V)max was 2.4%.
To determine the validity of using mean left atrial pressure to assess preload, we compared left ventricular end-diastolic volume index derived from marker images`9 with the measured mean left atrial filling pressures. In these patients the left ventricular enddiastolic volume index correlated strongly with the mean left atrial pressure during the first 24 hr after cardiac surgery, as shown in figure 4 . Analysis of variance showed that the use of mean left atrial pressure to estimate preload was reasonable in these patients, with left ventricular end-diastolic volume index strongly dependent on mean left atrial pressure (F = 37.3; df = 2,30).
Mean values of (P/V)max for each sequence in each patient are plotted against mean left atrial pressure in figure 5. Note that there is no apparent correlation between (P/V)max and mean left atrial pressure. Analysis of variance of these data shows that the observed variation in (P/V)max is not due to preload as measured by mean left atrial pressure (F = 1. 1; df = 2,30) but rather to variation between individual patients (F = 31.8; df = 14,30).
Although there was no demonstrable dependence of (P/V)max on preload as defined by mean left atrial pressure for the group as a whole, in some patients (P/V)max did change with volume loading. In these cases, systolic pressure had changed markedly as well, in the same direction as the change in (P/V)max. This suggests a possible afterload dependence of (P/V)max. A plot of (P/V)max against afterload (defined as the left ventricular transmural pressure at the time of maximum systolic pressure-volume ratio) is shown in figure  6 . Values of (P/V)max are found to be strongly correlated with this measure of afterload (mean slope = 0.01; p < .01).
Discussion
Because mean left atrial pressure is easily measured in postoperative surgical patients and because it is commonly used to guide the course of blood volume replacement, we used mean left atrial pressure to assess preload in this study while It was interesting that in each of the 126 beats we examined in the present study, a good estimate of (P/V)max could be obtained with the highest (peak systolic) transmural pressure as the numerator and the smallest (end-systolic) volume index as the denominator of the ratio. That is to say, the upper left corner of the pressure-volume loop was well defined by the uppermost and leftmost limits of the loop. Previous investigators have shown, however, that if the shape of the pressure-volume loops is different for any reason, this observation may not be applicable.22 23 Although (P/V)max was shown to be independent of preload, individual variations occurred after augmentation of blood volume. These changes can be explained by the accompanying changes that occurred in left ventricular systolic pressure (figure 6; p < .01). This finding corroborates those of other investigators.24' 26 (The variability of afterload response to preload augmentation is probably caused by the interpatient differences in afterload-reducing therapeutic agents such as nitroprusside.) Although systolic wall stress or the systolic wall stress-time integral may be more suitable measurements of afterload than systolic pressure, 27 it is clear that (P/V)max and the maximum stress-volume ratio are both explicitly dependent on afterload.
We did not systematically control afterload in this study, but the finding that (P/V)max was increased at higher afterloads [assessed by the left ventricular transmural pressure at the time of (P/V)maxl is 
